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Introduction
Chronic infection with the hepatitis C virus (HCV) is an important public health challenge with a significant economic burden worldwide [1] [2] [3] . In Western Europe, Italy has among the highest number of HCV-infected patients (HCV prevalence 1.1%) and the highest rate of death from HCV-related hepatic complications (19.4% − 42.70% death rate of carcinoma) [2, 4] .
Overall, 30% of the HCV patients chronically infected may progress to cirrhosis in their lifetime, whereas 3%-8% of cirrhotic patients may develop hepatocellular carcinoma (HCC) [5, 6] . The progression to cirrhosis is often clinically silent, and many HCV patients did not come forward until cirrhosis, liver decompensation or HCC occurred [7] [8] [9] . The advanced stages of decompensated cirrhosis (DC) or HCC usually result in high healthcare cost, especially due to hospital admissions [10] [11] [12] .
Besides the hepatic manifestations, extrahepatic conditions have been reported in more than 70% of patients living with chronic HCV infection [13] [14] [15] [16] . Among them, the majority of available data concern HCV-related autoimmune and/or lymphoproliferative disorders [17, 18] . Several non-infectious disorders like diabetes, cardio-and cerebrovascular events as well as renal impairment due to cryoglobulinemia have been recently linked to chronic HCV infection [16, [18] [19] [20] . All these conditions lead to increased hospitalization rates, up to 13% per year [21] .
Recently, the treatment of chronic HCV infection has been revolutionized by the development of direct-acting antiviral agents (DAAs). DAA regimens yield sustained virological response (SVR) rates of approximately 95%, even in difficult-to-treat patients, such as patients with advanced liver disease, cirrhosis or chronic kidney disease [22] [23] [24] [25] [26] . Achievement of SVR has the potential benefits of risk reduction of liver disease progression, leading to improved long-term clinical outcomes and health-related quality of life [27, 28] . Therefore, it may be relevant to reduce the impact of liver and extrahepatic manifestations within state-run policies of HCV screening and treatment. In particular, the potential cost-benefit of such policies is gaining growing attention by States and Insurance payers in Italy, as many recent reports document that the costs of chronic HCV infection increase with disease progression [29] [30] [31] [32] .
Improving the knowledge of patient characteristics that may influence the hospitalization resource use and inherent costs is therefore a mandatory task in the present worldwide scenario, and may help the decision-makers to manage HCV infection through early treatment or efficient screening practices (e.g., test and treat therapies) and prioritize patients with a potential high need for DAA treatment [2, 11, 33] . In order to assess the historical baseline against which future economic outcomes can be gauged, it is also relevant to examine the distribution of health care costs coming from the pre-DAAs era. Nevertheless, little is still known about the extent at which costs are skewed in HCV-infected patients and, importantly, whether there are observable characteristics associated with patients who are likely to utilize more health resources.
The present study aims to quantify the hospitalization risk associated with comorbidities in a large cohort of Italian patients admitted to a hospital with HCV infection, overall and according to the severity of HCV disease, as well as to assess which of these comorbidities are predictive factors for high-cost patients.
Methods

Data source and study population
A population based cohort-study was conducted using data extracted from the hospital discharge database of the Abruzzo and Campania Regions, between January 1 st , 2007 and December 31 st , 2015. Each hospital discharge record contains the following data: date of birth, sex, place of residence, date of admission and discharge surgical and other procedures, discharge disposition (i.e. transferred to another facility providing inpatient hospital care, discharged to home, death), one primary diagnosis and up to 5 secondary diagnoses based on the codes of the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). Since this automated system is anonymous, according to Italian Data Protection Authority, neither Ethical Committee approval nor informed consent were required for this study [34] . The anonymous data file is routinely used by the Regional Health Authorities for epidemiological and administrative purposes. The research adhered to the tenets of the Declaration of Helsinki.
We identified all residents in the Abruzzo Region (~1,300,000 inhabitants) and Campania Region (~6,000,000 inhabitants), 18 years and older, who were admitted with a diagnosis HCV code (ICD9-CM 070. 41 , 2014 (enrollment period). The date of the first hospitalization for HCV at the enrollment was designated as the index date. Patients which also had an ICD9-CM code for HIV-infection (i.e. ICD9-CM 042, V08, 795.71 or 079.53) in primary or secondary diagnoses were excluded. Finally, patients with HCV infection were categorized on the basis of presence or absence of liver complications (LCs) at baseline. LCs were identified using ICD9-CM diagnosis codes recorded in all hospital discharge abstracts collected for each patient (including both ordinary and Day Hospital hospitalizations) during the period of five years preceding the index date (S1 Table) . Those included compensated cirrhosis, decompensated cirrhosis, hepatocellular carcinoma and liver transplant. All patients were followed up from the index date up to 1 year (follow-up period).
Covariates
For each patient, the following variables were assessed at the index date: age group (i.e. 18-54, 55-74 and 75 years and older), sex, HBV co-infection and any comorbidity. The comorbidities were identified using ICD9-CM codes recorded in all hospital discharge abstracts during the period of five years preceding the index date (S1 Table) . Cardio-and cerebrovascular disease, diabetes and renal disease were grouped as HCV-related comorbidities since those have been, more recently, demonstrated strongly associated with HCV chronic infection [16, [18] [19] [20] . Other comorbidities included into the analysis were: peripheral vascular disease (PVD), paraproteinemias, cancer (excluding HCC), chronic obstructive pulmonary disease (COPD), rheumatic disorders and gastrointestinal (GI) disorders.
Clinical and economic outcomes
The primary outcome of this study was the incidence of all-cause hospitalizations during the 1-year follow-up. In order to evaluate the incidence of hospitalization for acute event we referred to ordinary hospital admissions only, therefore Day Hospital admissions were excluded.
The secondary outcome was the identification of predictive factors for high-cost patients. To this end, only the sub-sample of patients with at least one hospital admission during the follow-up period was taken into account. High-cost patients were defined as those with total hospitalization costs in the top quintile (i.e., top 20% of costs) based on the distribution of hospital costs during the 1-year follow-up. The remaining 80% of patients were classified as low-cost patients (i.e. bottom 80%).
Hospitalization resource utilization analyses
Hospitalization resource utilization was assessed by evaluating the following parameters: number of hospital admissions, cumulative length of stay and hospital costs. The number of hospital admissions was calculated as the sum of ordinary admissions within a patient's 1-year of follow-up period. We defined as cumulative length of stay the total number of days that a patient remained in the hospital during the follow-up period. The hospitalization costs were calculated using the CMS-Disease Related Group (DRG) version 24 grouping algorithm. The DRGs depend on the patients' ICD9 classification at the time of their discharge from hospital, their age and sex, and the consumption of resources during their hospital stay. According to the DRG-based reimbursement system, every hospitalized patient belongs to a group of diagnostically homogeneous cases. Patients within each category are therefore similar in clinical terms, and expected to require the same level of resources. As a result, patients in the same DRG are assigned the same reimbursement charges. To complete DRG calculation, additional costs due to inpatient stays longer than threshold values used for each DRG were also taken into account. It is important to note that professional fees were not included in this analysis [35] . Hospital costs were adjusted for inflation to 2015 euro.
Statistical analysis
Baseline characteristics were reported according to disease severity (with and without LCs). Categorical variables were summarized using frequencies and percentages; continuous variables were summarized using means and standard deviations. Negative binomial regression was used to estimate Incidence Rate Ratios (IRRs) for all-cause hospitalizations associated with each clinical and demographic variable, because preliminary exploration of hospitalization count data revealed that the variance was not equal to the mean of the distribution. Incidence rate for all-cause hospitalizations in patients with and without each comorbidity controlling for age group, sex and HBV co-infection, and in patients with HCV-related comorbidities (CMs) equal to 1 and HCV-related CMs � 2, compared to those without HCV-related CMs, were calculated. The results were shown as unadjusted and adjusted IRRs with 95% confidence intervals (CIs). Multivariable logistic regression analysis is used to determine independent predictive factors of high-cost patients. The dependent variable was high-cost patients (top 20%) versus low cost-patients (bottom 80%). Predictors assessed were age, sex, HBV co-infection, liver complications and HCV-related comorbidities. The results were reported as Odds Ratio (OR) with 95% CIs.
All analyses are conducted using STATA software, version 11 (StataCorp., College Station, TX).
Results
Characteristics of study cohort
In total, 15,985 patients met the inclusion criteria; of these, 56.0% were male and 44% were between 55 and 74 years old (mean age ±SD was 64.9±15.1 years) ( Table 1) . At baseline, approximately 19.9% of the HCV cohort had at least one liver complication and nearly half of patients had one or more HCV-related CMs; the most frequent CM was cardiovascular disease, followed by diabetes. In the stratified analysis by disease severity, HCV-patients with LCs were older and had a higher prevalence of HCV-related CMs than those without LCs. In particular, patients with LCs were more likely to have diabetes, COPD, renal disease, GI disorders, paraproteinemias and psychiatric disorders in comparison to those without LCs (Table 1) .
Clinical outcome
During the 1-year of follow-up, 36.0% of HCV-infected patients underwent acute hospital admission(s) for any-cause. When compared to individuals without HCV-related CMs, the proportion of admitted patients increased 2.5 times in the presence of two or more HCVrelated CMs among HCV patients without LCs and 1.5 times among those with LCs (p<0.0001) (Fig 1) .
We examined the risk factors for all-cause hospitalizations in the overall HCV-cohort and separately by those patients with and without liver complication (Table 2) . Decompensated cirrhosis and the presence of two or more HCV-related CMs were the strongest predictors of allcause hospitalization in the overall sample (Table 2 ). In the sub-cohort of patients without LCs, HBV co-infection and each comorbid condition were associated with a significantly increased risk of hospitalization(s) compared to those without co-infection or each comorbidity class; whereas among patients with LCs, only HBV co-infection, cardiovascular disease, diabetes, COPD, cancer and LCs themselves were the predictors of all-cause hospitalizations ( Table 2) .
Hospitalization resource utilization and predictive factors for high cost-patients. The sub-sample of patients with at least one hospital admission during the follow-up (Day Hospital or acute hospital admission) included 7,782 individuals, which accounted for a total annual spending of EUR 53 million. Of these, 1,556 were high cost-patients (top 20%), and the remaining 6,226 low cost-patients (bottom 80%) (S1 Fig). Baseline characteristics of HCV cohort stratified by hospitalization resource utilization were reported in the S2 Table. Highcost patients accounted for approximately 58% of the total hospitalization costs (over EUR 31 million). The mean cost per patient in the top quintile (mean cost EUR 20,009) was approximately 2.5 times higher than that of patients in the first four cost quintiles (mean cost EUR 7,484) and nearly 32 times higher than the first cost quintile (mean cost EUR 614) (Fig 2) . As shown in Table 3 , the number of acute admission(s) per patient, the mean cumulative length of stay and the proportion of patients with in-hospital death were all significantly higher in high-cost patients compared to the low-cost patients.
Multivariate logistic regressions showed that LCs (excluding liver transplant) were the strongest predictor of high hospitalization costs ( Table 4 ). The ORs of being in the top 20% of hospitalization costs for HCV patients were 1.30 (95% CI:1.08-1.55), 1.47 (95% CI:1.22-1.77) and 1.82 (95% CI:1.48-2.23) in the presence of compensated cirrhosis, DC and HCC, respectively; while those of patients diagnosed with 1 or � 2 HCV-related CMs were 1.37 (1.19-1.58) and 1.63 (1.40-1.90), respectively. Similarly, the presence of cancer and cardiovascular disease increased the likelihood of being in the top 20% of hospitalization costs by 49% and 37%, respectively. Other factors independently associated with highest hospitalization costs were cerebrovascular disease, PVD and renal disease (Table 4) .
Discussion
The landscape of medical needs and related healthcare costs due to HCV infection underwent deep changes in recent decades; in parallel, a sharp increase in the knowledge of the factors causing HCV-related disease progression was acquired [12, 18, 19, 33] . Most estimates indicate that the burden of HCV disease is due to increase world-wide in the next 2 decades, in the absence of comprehensive State-run interventions to treat known HCV infections. Screening at-risk populations for HCV and, immediate DAA treatment for most of hidden HCV disease before the overt clinical emergence of HCV-related complications are needed [29] [30] [31] [32] . The most current guidelines recommend treatment for all HCV-patients, and when prioritization is needed, they identify patients with extrahepatic manifestations as a priority to minimize future morbidity and mortality [36, 37] . In addition to estimates related to HCV disease burden, an extensive body of evidence has been recently generated. In fact, these new evidences demonstrate the significant clinical and economic consequences of extrahepatic HCV manifestations [13, 14] . In particular, due to the pleiotropic effects of HCV replication, including endothelial activation and consequently vascular instability, the role of HCV in increasing cardio-and cerebrovascular morbidity and mortality has been recently established by several pivotal epidemiological investigations [16, 18, 38] . Similarly, more evidence has been gathered in recent years to indicate that diabetes mellitus may influence and accelerate the rate of hepatic complications in HCV-infected patients [20, 39] . As a consequence, the assessment of the inpatient burden related to HCV disease may be valuable in order to define strategies related to HCV screening and treatment in each State; in view of the current availability of DAA treatments these strategies may in principle enable stakeholders to aim for HCV elimination [29] [30] [31] . This scenario is particularly relevant in territories with high HCV endemicity as demonstrated in the both Abruzzo and the Campania Italian regions [38, [40] [41] [42] [43] . On the basis of these considerations and in the absence of any recent estimate about medical expenses caused by hepatic and extra-hepatic complications of HCV disease in these Italian regions, we planned the current study, aimed to describe the characteristics of the cohort of HCV-infected patients revealed by hospital-based available records, and quantified the effect of these characteristics on hospital-related outcomes and costs.
First of all, we studied a total of 15,985 HCV-infected patients which account for a hospital spending of EUR 53 million during 1-year of follow-up, although involving only 0.2% of resident population. In accordance with many other reports, the highest HCV prevalence was found in patients over 50 years of age [1, 44] . It is well known that chronic HCV infection causes more complications when long lasting and cooperating with aging in influencing the progression of liver fibrosis and the development of HCC [7, 8, 12, 45, 46] . In line with the figures depicted by other studies, our data revealed that around 20% of patients had a severe liver-related complication (9% DC and 5% HCC) at baseline [5, 6] . Interestingly, in spite of one third of patients in our sample being over 75 years, the age of most of the remaining two thirds was between 55 and 74 years, which is a very good target for preventative measures of intervention. Among these, the 80% of HCV-infected subjects were at risk of developing advanced liver disease, and represented even more an ideal setting for preventative interventions, first of all through early treatment with antiviral therapy [8, 11, 23, 45] . This evidence was strengthened by our approach of assessing characteristics associated with patients who are likely to utilize more healthcare resources. Indeed, as expected our data revealed that the distribution of total hospitalization costs was markedly skewed among HCV patients. In accordance with previous studies, we found that high-cost HCV patients were more likely to have severe liver complications and HCV-related CMs [47, 48] . HCC is the strongest predictor of becoming a high-cost healthcare user, suggesting that as disease severity increases, the more costly and resource consuming do patients become [1, 2, 7, 10, 20, 22, 31, 49] . These findings highlight the potential for the remarkable benefits of deploying mass screening of HCV infected, unaware patients, mostly aged 55 to 74 years of age, among at risk populations. Antiviral treatment for such patients would have the chance of rapidly reducing the quantity of HCV patients consuming most hospitalization resources in the current heath care scenario of both Regions.
Moreover, in accordance with other studies we provide additional evidence that hospitalization risk and costs were driven by extrahepatic complications in addition to liver-related sequelae [13, 19, 38, 50] . Indeed, we found that the presence of two or more HCV-related CMs (cardiovascular disease, diabetes, cerebrovascular disease and renal impairment) increased 2-fold the risk of occurring in hospital admission and rose by 63% the likelihood of becoming high-cost patients when compared with those without HCV-related CMs. In particular, cardiovascular disease increased by 42% the risk of hospitalization in the overall sample (25% and 47% in HCV patients with and without LCs, respectively). In line with other recent lines of evidence, this would suggest that HCV patients with CV disease may be prioritized over other as they are likely to incur more cost [16, 18, 38] . Identifying and early treatment of HCV patients in this large population setting would be an innovative way of addressing local HCV screening policies and may lead to substantial savings in healthcare costs related to extrahepatic conditions in our Regions [2, 13, 14, 38] . The current study is subject to several limitations. First of all, data were retrieved from a large administrative database, providing no laboratory and instrumental information on the enrolled patients. As a consequence, clinical conditions of hepatic and extrahepatic disease could be only deduced by available diagnostic codes which might have caused an underestimate. In addition, given the study design, it is not possible to establish whether or not HCV preceded the development of these comorbidities. Second, our cost-analysis were based only on DRG tariffs that have nonetheless been frequently associated with a relevant underestimation of real costs of patients [35] . Indeed, no estimates of personnel costs and drug expenses could be neither derived by our search, nor guessed indirectly. Finally, generalizations of the study's findings should be made with caution, particularly because data are limited to the hospital setting of two Italian regions. Since we analyzed a cohort of admitted HCV patients, the risk of hospitalization in our cohort is much more likely than in HCV patients who do not require hospitalization in the first place. In spite of that, the strength of our study is the use of a large-scale population-based cohort in territories with high HCV endemicity and the ability to draw information from a real-world setting through the analysis of administrative data. In conclusion, we provide an additional line of evidence that chronic HCV infection is associated with a relevant inpatient burden in two Italian regions with high prevalence of HCV infection. Since the majority of patients were without liver complications at baseline, liver disease progression alone did not fully predict high resource utilization. Beyond advanced liver disease, HCV-related comorbidities (especially cardiovascular disease) are strong predictors of high hospitalization costs. In particular, in non-advanced HCV disease, extrahepatic HCV comorbidities significantly increased the risk of hospitalization, mostly in an additive manner. This highlights the potential benefit that the early identification and treatment of HCV infected patients might have on the reduction of hospitalization costs driven by HCV related extrahepatic complications. We therefore provide an additional line of evidence that identifying unaware HCV-patients with extrahepatic manifestations may reduce HCV related morbidity and mortality beyond the benefits of reducing HCV related liver morbidity and mortality, thus reducing heath care costs in parallel. In accordance with the most current guidelines, it is important to identify HCV-patients with extrahepatic manifestations as a priority to minimize future morbidity and mortality [36] . Healthcare stakeholders may therefore benefit from new, local and detailed evidence when planning future interventions to track and reduce HCV related disease burden in our Regions and around the world. 
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